Using a Proximity Filter to Improve Rabies
Surveillance Data

Andrew Curtis*
Louisiana State University, Baton Rouge, LA

Abstract

The proximity filter is one of the new exploratory spatial data analysis
techniques developed as a result of the visual and interactive capabilities of ge-
ographic information systems (GIS). This technique, a variant of the spatial fil-
ter, is used to identify significant “holes” in a point surface. This paper
presents an example of how the proximity filter can be applied to real-world
situations, showing how it can improve rabies surveillance data. The points
used in this example are the locations of animals submitted for rabies testing.
It is important to identify any holes in a rabies surveillance data surface to see
if the low occurrence of points (i.e., of animals submitted) results from natural
reasons or from a lack of local education. The proximity filter compares the
number of points in an inner ring to those in an outer ring. A Monte Carlo sim-
ulation allows for a test of significance to be constructed. A GIS is used to vary
the size and shape of the inner and outer rings used in the analysis. Two types
of filter shape are discussed; the first is circular, and the second uses the buffer
function of the GIS to mirror the shape of an investigated area (such as a
county). This paper also provides an example of how data aggregated to a po-
litical unit can be turned into a simulated point pattern surface so that the
proximity filter can be applied.
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Background

Recent discussion has focused on the role geographic information systems (GIS) can
play in improving spatial analysis (1). One area in which such advancement can be
made is exploratory spatial data analysis—the use of a GIS’ interactive and visual ca-
pabilities to search for problem solutions on the fly (2). Although this practice is still in
its infancy, new techniques of analysis that can only be implemented within a GIS en-
vironment are now being developed (for a review of these techniques, see reference 3).
A good example of these techniques is the spatial filter, a form of analysis that avoids
the problems associated with data aggregated to political units (county, zip code, cen-
sus tract, etc.). Diseases are often continuous across space, and therefore, if the data are
available at a disaggregated level, it makes little sense to impose artificial areas (de-
fined by political boundaries) on the analysis. An additional problem in using aggre-
gated data is one of aggregation (scale) and shape (zone)—otherwise known as the
modifiable areal unit problem. It has been found that different results can occur de-
pending on which scale and zone scheme is chosen (4).
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The spatial filter avoids the modifiable areal unit problem by using original point
data (5,6). A fine grid is layered onto the research surface, with the intersection points
of the grid acting as foci for a series of overlapping “filters” that are used to calculate
“rates” from the point data. These rates, when assigned to the intersection point, can
then be mapped, usually as a contour surface. This creates a visual impression of clus-
ters from a continuous surface. Different-sized filters will “smooth” the data to differ-
ent degrees, but the most dramatic cluster groupings should emerge irrespective of
filter size. This form of analysis is truly “exploratory” because the visualization of the
data drives the analysis. A test of significance can then be conducted using a Monte
Carlo simulation. In such a test, the original points are assigned probabilities of occur-
rence (such as the chance that a particular birth will become a death). The same filter
analysis is then performed on the simulation surface. Through multiple repetitions of
this simulation, a distribution can be created against which the original clusters can be
compared to see their probability of occurrence.

Although the spatial filter is useful for identifying significant clusters on a point
surface, the research problem for this paper required a technique that could find signif-
icant “holes” in a point surface. A variation of the spatial filter was needed—the prox-
imity filter, which can use a GIS to compare two distributions of points and identify
significant differences between them.

Rabies Surveillance Data

A raccoon rabies epizootic has been spreading through the eastern seaboard states since
1977. The epizootic started when rabid raccoons were translocated to West
Virginia/Virginia by hunters (7). Since then, most of the eastern seaboard states have
been affected by the spread (8). In a state impacted by rabies, surveillance data provide
the main source of information about the disease. Both the public and local officials are
supposed to submit animals for rabies testing if they interact with people (i.e., bite or
scratch them) and cannot be quarantined, or if they display potential rabies symptoms.
Data from this testing are used to determine how far the disease has progressed in the
state and where to place countermeasures such as oral vaccine barriers. These data are
also used to determine the success of these countermeasures. Unfortunately, evidence
suggests that data quality varies considerably between areas (9). There is, therefore, a
need for a means of analysis that can identify areas where fewer animals are submitted
for rabies testing so that resources can be targeted to “educate” both the public and
local officials.

The Proximity Filter

The general principle of the proximity filter is the same as that of the spatial filter. It
uses a floating kernel to analyze a point data surface. The main difference between the
proximity and spatial filters is that the former compares an inner and outer spatial point
distribution. Figure 1a shows a series of points (the locations of animals submitted for
rabies testing), the boundary of the county under investigation, and an inner and outer
ring of the spatial filter (centered on the cross hair). In this example, there are 17 points
in the inner and outer rings combined. The number of points in the inner ring (in this
case, three) can be compared with the number in the outer ring (in this case, 14) to
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1a Actual point data. 1b  Simulation run #1.

1d Simulation run #3.

1e Overlapping proximity filter analysis. 1f Using the GIS buffer function to create
the outer ring.

Figure 1 Applying the proximity filter to point data.
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determine if, given the latter number, there are significantly fewer points in the inner
ring than expected. GIS allows us to answer this question with a Monte Carlo simula-
tion. A fine grid of coordinates is layered over both the inner and outer rings. All the
points are then randomly redistributed across the combined area, with each coordinate
having an equal chance of accepting one point. This simulation is repeated 100 times. If
three or fewer points occur in the inner ring on no more than five of the simulation runs,
then there is (at least) a 95% chance that the low number of points in the inner ring did
not occur by chance. Figures 1b, 1c, and 1d show three typical simulation runs, with
five, six, and seven points being placed in the inner circle.

The size of the outer ring obviously affects the number of points being compared
with the inner ring—the larger the outer ring, the more points will be included in the
analysis. One possible general rule is to use a comparable land area in the analysis; that
is, the land area of the outer and inner rings should be the same. In order to avoid any
bias in selecting the centroids of the filters, overlapping proximity filters should cover
the entire area (Figure le) as in traditional spatial filter analysis. The rings should be
centered on a fine grid of coordinates. Repeating the same simulation procedure for
each inner and outer ring makes it possible to identify significant data holes across the
entire surface.

A further modification of the proximity filter could involve using the shape of the
county as the inner ring. If it is believed that this particular political boundary does
exert some influence on the analysis—one county, for example, may have officials who
are less compliant with submission laws—then it may be useful to include the shape of
the county in the analysis. One way to do this is to leave the outer ring the same, but
use the shape of the county as the inner ring. This produces changes like those shown
in Figure 1f (using the same original point distribution as in Figure 1a), in which there
are 2 points in the inner ring and 15 in the outer ring. (Note: Larger county-shaped out-
line not applicable here.) The simulation procedure described above would be used to
create a test of significance.

If the shapes of the counties vary considerably (e.g., if some are compact and oth-
ers elongated), then the buffer function of a GIS can be used to mirror the shape of the
investigated county, making the outer ring a projected extension of the county shape.
Figure 1f (mentioned above as showing a county-shaped inner ring with a circular
outer ring) is also an example of this method. In it, there are nine points in the county-
shaped outer ring. Again, the size of the buffer affects the number of points in the outer
distribution; a possible general rule is to use the same land area for both buffer and in-
vestigated county.

The size and shape of the proximity filter depends on the background of the analy-
sis. With no prior reason to suspect a particular county of low compliance, a complete
coverage of overlapping filters is best. In the case of animals submitted for rabies test-
ing, if there is reason to suspect a political unit such as the county, then the shape of the
political unit could be used as the inner ring of the proximity filter, with either a circu-
lar or a county-shaped bulffer as the outer ring.

It must be stressed that the proximity filter only works if combined with local ex-
pertise. Once a significant point hole has been identified, the next stage of the analysis
is to investigate causative factors. These can include a difference in terrain between the
inner and outer rings (the most extreme example being that no animal submissions are
coming from the inner ring because it is a lake). A difference in human populations (the
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fewer the people, the less likely the human/animal interaction) or a different environ-
ment leading to human/animal interaction (e.g., the outer proximity filter containing a
state park) could also explain away significantly low point counts for the inner ring. All
of these factors can be investigated after the initial analysis, and some of the holes dis-
counted accordingly.

Using a Proximity Filter on Aggregated Data

Unfortunately, not all states have precise spatial locations allocated to animals submit-
ted for testing. This is the case for Kentucky, where these data are aggregated to the
county from which the submission came. Obviously, this makes it difficult to apply the
filter. The only solution for cases such as this is to distribute the number of animal sub-
missions across the host county at random.

This is easy to do using a GIS. A fine grid of coordinates is layered over the county.
All the points (animals submitted for testing) are then randomly distributed across this
surface, with each coordinate having an equal chance of accepting a point. Once the en-
tire surface has been covered in this way, the proximity filter can be layered on top of
“suspect” counties. There is little point in applying an overlapping filter analysis be-
cause the lack of precise locations already produces error.

Figure 2 shows the typical steps of this type of analysis. The aggregated total num-
ber of animals submitted for rabies testing is randomly distributed across the county
space as a set of points, using a fine lattice of coordinates in the GIS (Figure 2b). The
county under investigation (which has three points in this case) is then investigated to
see if the number of submissions is significantly low given submission numbers from
the surrounding counties. Either a circular or a county-shaped proximity filter can be
used in the analysis of the county under investigation. In this case, the circular proxim-
ity filter contains 22 points (Figure 2c), and the county-shaped buffered proximity filter
contains 12 points (Figure 2d). When dealing with aggregated data and a simulated sur-
face, it is preferable to include the shape of the county as both the inner and outer rings
of the proximity filter. This ensures that the same distance extends from the boundary
of the county in all directions, reducing variations in the analysis that the county shape
might cause.

The proximity filter is layered on the randomly distributed points and the points
falling inside the inner and outer rings are counted. (The initial simulation generating
the points from the aggregated data should be repeated several times in order to obtain
an average number of points in the buffer area.) If the inner ring of the proximity filter
is the county shape, then the number of points in it will always equal the total points
submitted from that county. All the points falling within the inner and outer ring are
then randomly redistributed across the same area, using the same fine, layered grid of
coordinates within the GIS. Two examples of this simulated run can be found in Figure
2e (for the circular outer ring) and Figure 2f (for the buffer-shaped outer ring). This sim-
ulation is repeated 100 times. The distribution of points falling within the county under
investigation is then compared with the simulation runs. If there is a significantly low
number of points in the inner ring (investigated county) on no more than five of the
simulation runs, then there is (at least) a 95% chance that the low number of points in
the inner ring did not occur by chance.
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2a Counties with a total number of points. 2b Randomly distributing the points.

2d Using a projected-county-shape
outer ring.

2e Simulation run using a circular outer ring. 2f Simulation run using a projected county
shape.

Figure 2 Creating a point surface from aggregated data.
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Improvements

Although it has been stated that the presence of data holes should stimulate a search for
factors leading to their explanation, it is possible that some of these factors could be
considered in the initial analysis. During the simulation, certain terrain may be more
likely to accept a point than other terrain (e.g., suburban fringe compared to marsh-
land). Using GIS makes it possible to identify land cover and create a probability sur-
face of point acceptance. However, the question remains whether adding this
complexity to the initial analysis is more efficient than investigating the holes in a ho-
mogeneous surface.

It is also useful to repeat the analysis temporally to see if there are any changes in
the pattern. If the analysis identifies a county as a significant hole every year, then there
is a definite reason for that hole (a difference in terrain, a problem with local officials,
etc.). If a county is identified as a significant hole for only certain years, then terrain is
unlikely to be the cause. An even more disturbing result would be if there were a clear
temporal break point, with a series of normal years being replaced by a series of signif-
icant holes. This would suggest that something had changed in the reporting environ-
ment of the county.

The proximity filter is a relatively easy technique that can be performed using a PC-
based GIS. It enables a health official to investigate any point-data source for which the
presence of a hole is as important as that of a cluster. Although the example given here
is for animals submitted for rabies testing, any reportable disease with an environmen-
tal association (Lyme disease, histoplasmosis, etc.) could be investigated in the same
way.
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